The alteration in levels
The myometrium has an important role in the maintenance of pregnancy and delivery, and is regulated by steroid hormones such as estrogen and progesterone (Hamoir, 1977; Fuchs, 1978) .
Multiple protein kinases are regulated in association with growth, proliferation and differentiation of cells (Gaballah et al., 1971; Lee et al., 1975; Doskeland et al., 1975; Costa et al,1976; Skala and Knight, 1977; Lohmann et al., 1978; Miyamoto et al., 1980) . We have previously shown that both activities of types I and II cyclic AMP-dependent protein kinases in the endometrium are altered by the administration of hormones including estrogen, progesterone and chorionic gonadotropin (Miyazaki et al., 1980a; Miyazaki et al., 1981) and during the menstrual cycle (Miyazaki et al., 1980b) .
Similarly, protein kinases are regulated by the hormones in the myometrium (Matsui et al., submitted) .
Myosin light chain kinase was first discovered in skeletal muscle (Perrie et al., 1973) and subsequently in smooth (Dabrowska et al., 1977; Ikebe et al., 1978) and cardiac muscles (Frearson and Perry, 1975; Walsh et al., 1979) . The enzyme was also found in non-muscle tissues such as platelets (Daniel and Adelstein, 1976 ), brain (Dabrowska and Hartshorne, 1978; Yamauchi and Fujisawa, 1980; Hathaway et al., 1981; Miyamoto et al., 1981a; Fukunaga et al., 1982a; Fukunaga et al., 1982b) and other tissues (Miyamoto et al. 1981b) . The role of myosin light chain kinase in smooth muscle may relate to the contraction of the muscle (Gorecka et al., 1976; Adelstein and Eisenberg, 1980; Stull et al., 1980) , since the phosphorylation of myosin dependent ATPase activity. A similar mechanism was suggested for the myometrium (Lebowits and Cooke, 1979; Janis et al., 1980; Janis et al., 1981) . However, the problem is not conclusive at present (Mikawa et al., 1978; Ebashi, 1980) . In contrast to myosin light chain kinase, cyclic AMP-dependent protein kinase was found to produce relaxation of the myometrium . In this report, we describe the alterations in levels of myosin light chain kinase and cyclic AMP-dependent protein kinase in rabbit myometrium during pregnancy and obtained evidence for the dissociation of changes in activities of the two enzymes.
Materials and Methods
Materials DEAE-cellulose (DE 52) was purchased from Whatman, Kent, England; calf thymus histone and cyclic AMP from Sigma, St. Louis, Missouri, USA; [32P]orthophosphate (carrier free) from Japan Radioisotope Association, Tokyo, Japan; sodium pentobarbital (sodium 5-ethyl-5-(1-methylbutyl)barbiturate) from Abbott Laboratories, North Chicago, Illinois, USA. Calmodulin was prepared from bovine brain according to the method of Yazawa et al. (1980) . Calmodulin-deficient myosin light chains from chicken gizzard myosin were obtained as described previously (Miyamoto et al., 1981a) . All other chemicals were of reagent grade.
Animals
Japanese white rabbits weighing 3.0-4.0kg were used.
Control animals were non-pregnant rabbits. The uterus from each pregnant rabbit was obtained on the 10th, 20th and 28th days after pregnancy (the gestation period in rabbits being 31days).
After the animals were given pentobarbital (50mg/ kg), the uteri were quickly removed and the adhering fat, connective tissue, fetus and placenta were cut away. The myometrium was macroscopically separated from the decidua using scissors on a cold glass board and was then placed in physiological saline. Three to five experiments were done for each treatment, as indicated.
Assay for protein kinases
The assays for myosin light chain kinase and cyclic AMP-dependent protein kinase were performed by the methods of Miyamoto et al. (1981a) Analysis of alteration in types I and II cyclic AMP-dependent protein kinase activities by DEAE-cellulose column chromatography during pregnancy:
To further study the change in cyclic AMPdependent protein kinase activity during pregnancy, the activity profiles with histone as substrate were analyzed by DEAE-cellulose column chromatography. For the convenience of comparison, the same volume (2.0ml) of the cytosol fraction extracted from a certain amount of the tissue was applied to the same sized column.
The typical results with histone are shown in Fig. 2 . From the activity profiles, the activity per a certain weight of the tissue can be compared among samples. As can be seen, the decrease in type I cyclic AMP-dependent protein kinase was more prominent than that in type II cyclic AMP-dependent protein kinase with the increase in the time of gestation, although both enzyme activities decreased.
The results shown in Fig. 2 are summarized in Table 1 . The activities of types I and II cyclic AMP-dependent protein kinases were integrated by the profile on a DEAE-cellulose column.
The statistical examination was performed on the data. Both types I and II cyclic AMP-dependent protein kinases gradually decreased with the increase in the time of gestation. The analysis of the activity profile revealed that the decrease was correlated with the decrease in the activity determined in the cytosol fraction (Fig. 1) . Type I enzyme decreased more than type II enzyme. Therefore, the activity ratio of type II cyclic AMPdependent protein kinase to type I cyclic AMP-dependent protein kinase increased from 2.1 to 7.8 during pregnancy.
Discussion
The present results indicate that both myosin light chain kinase and cyclic AMPdependent protein kinase levels change in the myometrium during pregnancy. The myosin light chain kinase level rose significantly above the value seen in control samples, whereas the cyclic AMP-dependent protein kinase level fell with the increase in the time of gestation. We previously reported that the specific activity of cyclic AMP-dependent protein kinase in the cytosol fraction of rabbit endometrium was decreased by treatment with estrogen and was unchanged by treatment with progesterone. The findings in the myometrium showed that the specific activity of cyclic AMP-dependent protein kinase in the cytosol fraction was decreased to 60-70% by treatment with progesterone (Matsui et al., submitted) . In the present study, the specific activity of cyclic AMP-dependent protein kinase decreased to 36.9% at the 28th day after pregnancy (Fig. 1) . The analysis of enzyme activity by DEAEcellulose column chromatography revealed that type I cyclic AMP-dependent protein Table 1 . Analysis of the peak of cyclic AMP-dependent protein kinase activity on DEAEcellulose column kinase decreased more rapidly than type II cyclic AMP-dependent protein kinase (Fig. 2 and Table 1 ). This phenomena may be explained by the fact that progesterone is relatively more predominant than estrogen during pregnancy (Harrington and Rothermel, 1977) . In fact, the activity of type II cyclic AMPdependent protein kinase is more prominent than that of type I cyclic AMP-dependent protein kinase when treated with progesterone (Miyazaki et al., 1980a) and with hCG (Miyazaki et al., 1981) . The protein kinase inhibitor -was not involved in the decrease in the enzyme activity.
Contraction and relaxation of the smooth muscle may be controlled by at least two separate systems by which opposite effects are produced. One of them is myosin light chain kinase which catalyzes the phosphorylation of the 20,000-dalton myosin light chain. This in turn results in contraction of the muscle (Gorecka et al., 1976; Adelstein and Eisenberg, 1980 ; Stull et al., 1980) . The other is the involvement of cyclic AMP and cyclic AMP-dependent protein kinase, which exerts a stimulatory .effect on relaxation of the muscle . fl-Adrenergic stimulants relax the myometrium (Bartelstone et al., 1967; Polacek and Daniel, 1971) . The cyclic AMP-dependent phosphorylation of uterine proteins enhances Ca2 + uptake into the microsomal fraction (Nishikori et al., 1977; Nishikori and Maeno, 1979) , Na+/K+ transport (Scheid et al., 1979) and ATP-dependent Ca2 + transport through the cellular membrane Krall and Korenman, 1977) . Furthermore, it was recently reported that there is an interaction between myosin light chain kinase and cyclic AMPdependent protein kinase systems. Myosin light chain kinase is phosphorylated by cyclic AMP-dependent protein kinase (Adelstein et *al., 1978; Silver and Disalvo, 1979) . It has not been determined that either type of cyclic AMP-dependent protein kinase is responsible for phosphorylation of myosin light chain kinase.
The phosphorylated enzyme was inhibited for the phosphorylation of myosin.
It may enhance a decrease in the contraction.
The increase in myosin light chain kinase and the decrease in cyclic AMP-dependent protein kinase during pregnancy may collectively affect the myometrium.
These may be associated with processes to give a potential ability to the muscle to contract, which serves for the delivery of the fetus.
